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ABSTRACT 

The objective of this project is to develop methods for 
producing and to establish techniques for joining aluminum 
alloy plate and sheet composites reinforced with steel wire 
with a target tensile strength of 175,000 psi and a maximum 
density of 0,144 lbs./cu.in. 

Sample sizes range from 0.023'' to 3/4" thick and 16 sq.in. 
to 8 sq.ft. in area. Room temperature strengths up to 175,000 
p s i  at a density of 0.144 lb./cu.in. have been attained. At 
-3200F an increase of 202 in tensile strength was obtained. 
V-notched Charpy impact strength increased from 12 ft.lbs. at 
room temperature to 18 ft. lbs. at -320'F. Notched tensile 
test specimen Kt6 tests resulted in notched-unnotched ratio 
of about 0.95. One beryllium sample, 49% 2024-0/51% Be, was 
tested in tension: UTS of 87,500 psi was achieved, A boron 

- f i b e r 2 5 1  in 7024 ahrnlmm matri x tested at 1041000 psi UTS. 

Joint8 produced by overlapping modules and by liquid in- 
filtration have resul ted  in efficiency of 92 and 5416, respec- 
t ively . 

The effect of cold work and heat treatment on the composite 
stress strain curve and the basis for composite efficiency is 

~ - discuss&= _-= ~ ~ 

~ 

The current effort is directed principally toward improve- 
ment of fabrication techniques for the full size plate, with 
continuing work on joining and other secondary fabrication 
methods; fabrication of sheet; hot r o l l i n g  plate; wire distri- 
bution; and testfng eomapasite samples at temperatures from 

-4230F to 800F. 
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I. ACCOMP LIS" TS PREVI O U S L Y B O R T E Q  

The original literature and industrial survey was reported 
in HA Report Number HA-1955, dated August 30, 1963. Annual 
reports HA-2059, July 1964, and HA-2166, July 1965, cover the 
work accompl&e?md during the previous years and up-date the 
literature survey. 

1. Selection o f  Ha tcria Is 

Screening tests were conducted with the following listed 
u, ,c l  " C I A  w i r e  and aitt=?ir.urE d h y  matrix: 

~ ~~ QtlrlYIFI-- __ --- ____ 

Carbon rtael rocket wire 1100 2219 2024 
EJs355 5052 5456 7075 
biS 302 7178 
r u b  h W P  73 ?io . 12 Brazing Sheet 

MDst of the samples were produced using NS355 type w i r e .  
-AFC 77 exhibi-ted-the highest strength (520-560 ksi) after ele- 
vated temperature ( 9 O P F )  cycle; however, only small quantitiss-. 
are immediately available. 
initially but was discontinued when it became desirable to 
fabricate at temperatures in excess of 400°F. 

- 

Carbon steel rocket wire was used 

Aluminum alloy 2024 was selected for  the matrix alloy as 
it offered the strongest matrix material consistent with other 
requirements. No difficulty was experienced with the other 
listed alloys, with the exception of No.12 Brazing Sheet, 
which exhibited m m e  evidence of decreasing the strength of 
the NS355 wire. 
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2. FabricatLon Methods 

a. The fa l lowing methods of d i s t r i b u t i n g  t h e  w i r e  i n  t h e  
aluminum matr ix  were inves t iga ted :  

Warn Extrusion 
Hot and Cold Pressing 
Hot and Cold Rolling 

b. The results to date i n d i c a t e  that hot  pressing is the 
most economical method for producing p l a t e ,  and t h a t  hot  r o l l -  
i n g  is the best method for producing sheet o r  tape module8 t o  
be used for producing formed shapes. 

3.  Fabrication of 1/ 4" x 12" x 96" P l a t e  

Four ij4'; x 12" x 96" p i a t e s  have been produced by pro -  
g r e s s i v e  hot presrsing. The as-produced p l a t e s  are t h i c k e r  i n  
tne center t- 
speed steel d i t r ,  The best method f o r  overcoming the crown i n  
t h e  plate irr hot ralling a t  800'F. 
was hot r o l l e d  from 0.290 t o  0.265-inch with r e s u l t i n g  imprclve- 
?EP??t ir! flsrr)srs!!_ 

c 

The second p l a t e  produced 

4. F abx ica t ion  o f 12" x 96" x 0.035@* Sheet 
~ ~- .. ~ 

a. 
using t h e  same procedure as for the 1/4" t h i c k  plate of t h e  
same size. 

S - ~ s h ~ t t - n ~ ~ n a T  O.Cf35" x IP x 96" were produce&- - 

b. Afte r  f a b r i c a t i o n  by progressive ho t  press ing ,  the 
~ sheets we- hot r o l l e d  to  improve flatness and physical 

~ 

~ 

prope r t i e s .  See Sect ion  7 ,  Table V. 

C .  Excessive w i r e  breakage was experienced in l ay ing  up  
the sheets. This problem was experienced with the f i r s t  1/4" 
plate and d i d  not  re-occur in t h e  second and third plate8 
a f t e r  drag  on the spools  was increased and w i r e  flow smoothed 
o u t .  Since the drag  on each wire through t h e  en t i re  system 
is about two pounds, and it takes 30 pounds t o  break a wire, 
it is evident  t h a t  a severe malfunction must occur  t o  cause 
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a wire to break. Observation of the operation and consultation 
with the wire producer led t o  the conclusion that the breakage 
was caused by a form of backlash of the wire on the 8poole 
resulting from vire loosening on the spool. 
separating the spoolb with keyed plast ic  waahers i n  conjunctton 
with rubber roller8 to keep constant tenaton on the wires will 
alleviate the problem. 

I t  i s  fe l t  that 

d e  The sheets were fabricated from three sheets of 2024 
aluminum and two layers of wire. The wire breakage and atten- 
dant tying o f €  of the broken wire caused uneven wire distribu- 
tion with resulting uneven sheet surface. 
measurernenta en the sheet in the as-pressed and after-rolling 
conditions are tabulated below: 

Results of thickness 

ndi tion H a  m 
0 . 038" 0 e 025" .. n n  I - ___ 

A8--8s8d 

E: Z G  0.031" 0.027" 
eu 

e. Prior to fabricating the  12" x 96" sheet, a trialipiece 
n,1)71" thick cnnsistinp of tun ~2eca .s  of 3024 aluminum and one 
layer of 0.009" wire tois producedm 
Tensile tests for this oheet follow: 

The w i r e  loading was 20%. 

As-pressed, Solution Heat 
Treated and Aged 145,000 

Annealed 6 hours at 800'F 143,300 
Amealed 8 hours at 80U0S 132,500 
Annealed 12 hours at BOOOF 128,600 
Annealed 8 hours at 800°F, 

Cold Worked 22  146,000 

a. 
two areal: 

The investigation af bonding has been divided into 

aluminum to aluminum 
aluminum to  steel wire. 
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is The b e s t  results w i t h  aluminum to aluninum bondin 
have been obtained by d i f fus ion  bonding t h e  matr ix  a t  900 F 
and 14,000 ps i .  Regarding 8 t e e l  wire t o  aluminum bonding, 
a good mechanical bond has produced the  h ighes t  e f f i c i e n c y  
i n  the  composite sample (95-100% of the  l a w  of mixtures).  
Formation of an a l l o y  l a y e r  between the aluminum and steel 
w i r e  reduced the UTS of  the composite by 40%. 

b. A metal lographic  study of t h e  1/4" x 12" x 24" and 
the first three 1/4" x 12" x 96" plates w a i  started t o  deter-. 
mine the effect of the scale-up on the  i n t e g r i t y  of the 
composite. The following t e n t a t i v e  conclusions have been 
reached : 

1) The bunching of wires in the 1/4" x 12" x 96" pletas 
adverse ly  affecto t h e  bonding because of non-uniform metal 
movement 

i n  the  pla t+ .  

3 )  Although the bonding and wire d i s t r i b u t i o n  w a s  
much better in the  12" x 24" plate than in the 12" x 96" 
p l a t e ,  any effect of t h i a  d i f f e rence  wad no t  r e f l e c t e d  
i n  t h e  toncsile p rope r t i e s ,  which would i n d i c a t e  t h a t  

~ 

is be- bji rheorltxr ~ var3rbIes €mfvet€, -~~ 

~ 

c .  To investigate the effect of added t i m e  a t  temperature 
on bonding, some 0.02311 sheet cons i s t ing  of two sheets of 
O.OIO ' l  2024-0 aluminum and one l a y e r  of o.oo9'1 NS355 vire was 
f a b r i c a t e d  wfng the same procedure as for the  1/4" x 12@* x 
24" p l a t e .  Dlfffusion over t h e  bond l i n e  w a s  completed i n  
e i g h t  hours at 80OoF, 

6 .  Se! condarv Pabricetioq 

a. The fol lowing Operation8 have been success fu l ly  pe r -  
formed on composites of 25 percent by volume a t e e l  w i r e  i n  
aluminum matrix, Electron beam welding, both l o n g i t u d i n a l  
and t r ansve r se  t o  the d i r e c t i o n  of reinforcement,  and the use 
of steel i n s e r t s  f o r  e f f e c t i n g  j o i n t s  were no t  successfu l .  
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1) 
2)  
3) Diffusion bonded j o i n t s  ( 9 2 2  e f f i c i e n t ) ;  i n f i l -  

4) 
5 )  Elox machining. 
6 )  Abrasive saw s l o t t i n g .  
7 )  

R o t  r o l l i n g  (10%) t o  improve f l a t n e s s .  
Cold r o l l i n g  (2%) t o  improve physical  p roper t ies .  

t r a t i o n  042) 
Resis tance a p t  welding of sheet. 

Metal rpraying for protec t ion  of exposed 
conpsi  te edges . 

The samples terrted t o  date  have l e d  t o  the f O l l O W h 8  
observa t ions :  

a. The u l t ima te  t e n r i l e  s t r eng th  achieved in the composites 
t e s t e d  is detarnined by the tensile s t r e n g t h  of the  wire and 
the proof r t r e n g t h  of t h e  aluminum matrix at the l i m i t  of alon-  

--* -~~ 

b. If there i8 no load t r a n s f e r  between the  w i r e  and the  
mat r ix ,  the bundle s t r e n g t h  of the w i r e  anly is realized. 

e .  The ultimate t e n s i l e  s t r e n g t h  of the composite is in- 
creased when the 8t rength  of the matrix is increared  by h e a t  
t reatment  and working, provided the w i r e  i a  not adversely 

~ __ ~ 

~ 
~~ 

~ ,- ~ a€€E!cte- ~ &tfmCa ~ 

d .  The y i e l d  s t r e n g t h  ( 0 . 2 %  o f f s e t )  of a 2024 sample con- 
t a i n i n g  19.2% NS355, 0.0108s steel  w i r e  was increased Prom 
approximately 00 p s i  t o  120,000 p s i  by cold r o l l i n g  (from 
0.1 l Y 1  
i .e.,  t p s i  Y.S. aamph wa8 -T6 and the 120,060 p s i  
Y.S. was -T3. Since the increase  i n  y i e l d  s t r e n g t h  is g r e a t e r  
than is t o  be expected from a change from -T6 t o  -T3 condi t ion  
of t h e  matrix, it is f e l t  the a d d i t i o n a l  yield s t r e n g t h  i s  
coming from an a u t o f r e t t a g a  e f f e c t .  

within one hour after s o l u t i o n  heat t reatment;  

e. Three 1/4" t h i c k  samples were pul led  i n  tens ion ,  i n d i -  
c a t i n g  a t e n s i l e  s t r e n g t h  of 137,000 p s i ,  which ca l cu la t e8  t o  
be 94% e f f i c i e n t ,  using the s t r e n g t h  of w i r e  as 450,000 p s i  
and t h e  as-premed 5456 as 49,000 p s i .  
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1) T e first sample tested indicated a modulus of k 11.2 x 10 p s i ,  

2) The second sample was loaded in cululative incre- 
ments of 3000 pounds; the load was released to 100 pounds 
prior to adding the next increment, The modulus for 
successive increments was: 

(a) - 9 . 8  x 106 
(b) - 15 x lo6 
( c )  - 15 x 106 
(d) - 15 x lo6 
(e) - 15 x lo6 

3 )  The third sample was strained beyond the change 
in slope of the stress strain curve and then released. 
This gave modulii of: 

~ _ _  / \  a n _- -& ~ ~ ~ - _.__ ~~ _ _  \a/ 

(c) - 17.7 x 106 
( b )  -- 1;:; f; 106 

(a) - 13,l x 106 

4 )  S i n c e  the calculated modulus (on a basis of area) 
is approximately 15 x 106 psi, it is felt the low modulus 
is a result of the aluminum being in tension after hot 
press-r this candit€an is currekre-zf byp%asrlc- - -  - 

ally deforming the aluminum so that the s t r e s s e s  are 
reversed. 

f, In samples with UTS's over 130,000 p s i ,  there i 8  a 
tendency of the  specimen to crack at the shoulder when tensile 
tested. 
radius to 1-1/Zt1. 

This difficulty is overcome by increasing the shoulder 

g. Results of some screening tests on the firat 1/4" x 
12" x 96" plate are listed below: 

Condition ,UTS ( P s i )  

As pressed 150,000 
SHT, CW 22 ,  Aged 159,000 
SHT, CW22, Aged, CW 2% 161,000 
(Table  continued on following page) 
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Cosdition Y z u J a L l  
Thermally cycled, 8 t i m e  
(21WF H20 - Liquid N2) 

SHT, Aged, Test -1OOOF 158 , 000 
SHT, Aaed, Test -2000F 173,000 

157,700Jr 

SHT, Aged, Test -3200P 2r0,ooo 

*Additional t a r t s  will be performed to determine 
whether the apparent loas in strength is due to thermal 
cycling or falls within the normal strength variation. 

h. When errtimating the expected strength of 2" x 8" coa- 
potsite su~p1e1, with all the reinforcing wire coming from one 
spool ,  the simple law of mixtures (i.e,, strength of wire tlmes 
its area plus 8trength o f  matrix at composite strain time mrttrix 
area) gave rtrensths in good agreement with t e s t  results. 
the care o f  the 

In 
a 12" x 96" plate, when 43 8pools of wire 

th should be 
are as followr: 

The riuminunr matrix wa8 etched out of the two-inch 
gage length of a Standard ASTH sample cut from 1" x 8" sec- 
t ion  of the first 1/4" x 12" x Y b "  composite piace,  exposing 
the reinforcine wires. The sample was loaded to failure and 
resultsl along with estimations of the calculated load bared 

p l a t e ,  the-Xowest strength wire (476,000 p s i )  in the plate, 
and the statistical bundle strength of the w i r e  in the p l a t e  
are Xisted below: 

- ___ -tmgtbsf *)HI w%ra-uu,oQa WL&--= 

Losd 3 a m Q h  
1) ~ Etched out sample 12,850 lbs. 100 

2 )  Average strength per wire 
- 

i n  plate x number wires 
In saraple 13,105 lba. 102 

3) Lowest strength w i r e  in 
plate x number wire8 in 
sample 12,640 lbr. 90.4 

4)  Statistical bundle strength 
of wires in plate* 12,240 lbs. 95.3 

*See HA-2208 for method used. 
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i .  The aeries of sample8 shown in Tabla I were run to 
determine the effect of strength o f  the natrix on the proper- 
ties of the comporit8. However, variatloacr i n  the wlre mix 
and variations in cold work, because of sample f latness ,  have 
masked to iome extent the effect of cold work and heat treat- 
ment. For comparllron see Table 11. 

TABLE I 

Numbc 

1 

2 

3 
4 

5 

b 

7 

0.- 

9 

10 

Cond 
Annealed 3W Nominal 

Mo mrk 

1% CY 

3% cu 
4% cw 
No work 

0.8% CW 

1.4% cu 
2% 

b s i l e  I 
Actual 

145 , 000 

145,000 

ldr9,500 
141,000 

15O,OOU 
..-. A n n  

141 , V U V  

161,000 

169 ,SUO 

157,500 

156,000 

142,700 

147,300 

-a- 
144,000 

161,900 

n5 ,om 

160,900 

166 , 800 

Remarks 

- 
Broke outridc 
8a8e marks 

* 

Broke i n  gri] 
- 

*In the f irst  plate, wire dsnslty variation resulted from 
Corrections are based on den- wire breakage during lay-up. 

sity measurements. 
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j .  The tcnaile t e e t a  reported i n  Table I (page 8)  were 
repeated using samples which were cut longitudinally from 
the f irst  1/4" x 12" x 96" plate. All of  the samples  in the 
annealed condition came from the  same r t r i p  and ell 8amplas 
in the heat treated condition came from one rtr ip .  Results 
obta ined  are reported i n  Table I1 and indicate what may be 
expected in improvement in UTS by heat treatment and cold 
work for t h i s  system. 

TABLE I1 

Number 

E2 

E3 
El 

E5 

E6 

D2 

D3 

3 5  

D6 

D7 

Cond 
Annealed 

t ion 
CW Nominal 

~ 

No Work 

1% 

22-- 
31 
4% 

No Work 

1 / 2 x  

--141 
1-1/2% 

2% 

Tensile 
(PS th 

~~ 

135,000 

143,000 

-+ 
146,900 

145,600 

162,100 

162,500 

165,000 

166,000 

170,000 

I Remarks 

1 
~~ 

Bar brake outside 
gage marks 

k. Four notched tensile specimens were tested in tension. 
It was not possible t o  o b t a i n  the 0.00147 root radius so the 
Kt value for the radius  as produced was taken from Y3tress 
Concentration Design Factors - by R, E. Peterson - Figure 17." 
Results are listed i n  Table 111. 
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Sample 

1 

TABLE I11 

K t  

6 .3  

3 6.3 

7*3 
O I  

, 
~ 

Temperature F t .  Lbs. 

R.T.  11.5 
13.0 

UTS 

-9 70F 14.0 
14.0 I 

152,000 p8 i  

157,000 p s i  

166,000 p8i  

159,000 p s i  

*UTS (Corrected 
to 25% Wire) 

143,600 p s i  

152,600 p s i  

158,700 p8f 

150,800 p s i  

*Sample strength corrected t o  252 vire by denlrity 
measuram%nt. 

Sampler in Table 1x1 were i n  the solution heat treated, 
cold workad and wed condition. 
known ta exist, an exact comparison with unnotched sample8 is 
not poseible.  
notched sample# are tast ing 10 - 15,000 p8 i  .lass than the 
coinparabie unnocc'ned ones. 

Becau8a of tha other variables  

Nowever, on an average it would appear that the 

TABLE IV 

I -3200F I 18.0 



The results compare favorably with the Handbook (ASM 
1948)  "Charpy V-Notch Imapaet Values" 8 i v m  for 2024-T4 far 
75oP and -1lOOF; 13 f t a  l b s ,  and 16 f t .  lbs., respectively, 
The sample8 were cut from the first 1/4" x 12" x 96t1 plate.  

Condi t lon  

IB. Table V gives the results of tensile tests on one of 
the s i x  1' x 8' x 0.035" sheets produced, i n  the a8-pressed 
and rolled condition. The aluminum WAS etched from several 
samples and no indication was found of w i r e  breakage at  other 
than the fracture point. 

e 

TABLE V 

As prcaaseb 

As pransed 
r\ 3 -  

Ultimate tensile strength in p s i  for samples  from 
I x 8  1 0 035 ricated condi- 

121,000 

enn 

As pressed 
p l u s  6 GI1 155,500' 
passes -t- 

* Broke in grips. 

1 I 

129,000 132,000 128,000 

n. Results of tensile t e s t  of samples cut from the f i r a t  
0.035" x 12" x 96" s h e e t  in the s o l u t i o n  heat treated and aged 
condition are given in Table VI. 
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Sample 

4 
UTS 
% Wire 
25% Wire** 

5 
UTS 
% Wire 

TABLE VI 

a 

154 

162 
23.5 

142 
21.6 

Tensile Strength i n  k s i  of  1 '  x 8 '  Sheet  
Hot Roll ed. Solution Heat Treated and Aaed 

134 142 

157 153 
19.9 22 .4  

140 145 

157 160 
2 1 . 1  21.6 

h i 

138.5 
19.3 

164 

*I44 - 
- 

- -.-. - - _ _ _ ~ ~  

*Broke in grip#. 
**Strength adjusted to 25% wire. 

0 .  Two samples were cut  from p l a t e  No. 2 (11'4'' x 12" x 
9 6 " ) .  The f irst  after hot r o l l i n g  5% and the second after h o t  

~ rolling 10%. _ _ _ ~  Results were 139,000 p s i  and 150,000 p s i ,  rsspec- 
t i v e l y .  The stress stTZi?n-curv ere simtPar to tbmr€m-the 
annealed c o n d i t i o n  and no adverse effects from the rolling 
operation were indicated. Removal of the matrix by etching 
revealed no damage to the  r e i n f o r c i n g  wires from t h e  r o l l i n g  
o p e r a t i o n .  

p .  

, 

The effect of heat  treatment and cold work an the stress 
s t r a i n  curves of 25% 0.009tt NS355, 75% 2024 aluminum cornpasite 
are presented i n  Figure 1 .  S i x  curves  are given, as listed 
b e l o w :  

1 ? 2024-T6, handbook data 
2 )  25% steel-aluminum composite - Sample E2 
3 )  25% steel-aluminum composite SHT & Aged - Sample D2 
4 )  Theore t i ca l  ( l a w  o f  mixtures) 25% composite; 

i . e . ,  25% curve 6 ,  75% curve 1. 



5 )  

6) NS355, 0.009" wire - National Standard 
25% steel-aluminum composite SHT & Age, Cold 
work 2% - Sample D7 

Curve 4 is an idealized curve; i . e . ,  it assumes 
the w i r e  and matrix behave the same way i n  a composite 
as they do separate ly .  

q. A sample of boron f i b e r  ( 4 8 . 5 %  in 1100-0 aluminum 
natrix tested at 104,000 p s i  UTS.  Sample s i ze  was 1" x 8" 
x 0.079''. 

r. A sample, L/4" x 2" x 0 . ? 5 0 ' ! ,  was mads of boron f iber  
and 2024 matrLx Containing nominal 25% B. 
in tension failed at 104 ksi. 

The sample tested 

s. One a m p l e  of O . O I O t *  beryllium in 2024-0 aluminum alloy 
matrix w a i  fabricated with 49 volume percent wire. The sample 
was 7/W1 x 8l' x 0.020" and the tested UTS was 87,500 psi for 
a law of mixture efficiency of 93%. 



HA-2259 

1% 

The Z f f e c t  of  2;' Cold 
Work on 25% FTs355 2024 
illurninurn Composites.  

Page 1 3 - A  

3% 
Strain c.: Zlonba t ion  

Figure 1 



A. 

B. 

33,300 
28,300 
54,600 
57 , 000 

S U r n n t ~  

17,300 
14 , 600 
36,700 
41 , 000 

1. Strength of matrix alloy blanks is discussed. 

2. Sketches of sub-standard samples for test at -423OF 
are shown. 

3, Preliminary work at Midwest Research Institute on 
electrothinning of composite samples for observation 
in transmission in the electron microscope is presented. 

C o m m s i t e  Strength and Efficiency 

Them are several methods of computing the tensile eff i -  
ciency of the composite which depend on how you define the 
constituted properties. In this work we have used the best 
properties available of the constituent materials as the b a s i s ,  
calculating percent efficiency; i.e., the average strength of 
the NS355 wire used in the first 1/4" x 12" x 96" plate was 
4Y0,UUO psi and the highest strength to be expected from 2024 
aluminum matrix at 2% elongation is 70,000 psi. Therefore, 
if we obtain proportional contributions from each constituent 
we should achieve an Ultimate tensile strength of 175,000 p s i .  
In sample D7, Table 11, 170,000 psi was achieved for an effi- 
ciency of 97'6. 

As a check on the matrix, 2024 blanks were run during 
fabrication of the 1/411 x 12" x 96" plate. Results are given 
in Table VII. 

TABLE VI1 

2024 Diffusion Bonded Sheet, No Wire 

I Condition 1 UTS ( p s i )  1 UYS (psi) 1 
I I 

As Fabricated 
Annealed 
SHT and Aged 
SHT, CW, Aged 
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These matrix samples were processed using the same pro- 
cedure as used for the composites. The result for the 
annealed condition is in reasonable agreament with expected 
properties for this condition, whereas the results for the 
heat treated and heat treated and cold worked are low. The 
loner than expected results are most likely due t o  warm 
quench (used an composites to prevent cracking) and lower 
warking hardening in the blanks over the Composite matrix. 
However, it docs point out the difficulty in using blank 
samples in figuring composite efficiencies; i.e., if the 
contribution of the aluminum is calculated from blank matrix 
material processed parallel with the composite, the calcu- 
lated strength would be 155,500 psi for an efficiency of 
log%, which is misleading. 

C. Sub-Size Tensile T e s t  SDecimens 

Drawing 11-50835 exhibits the configuration of the sub- 
size tensile test specimen for testing at -423OF. The notch 
was calculated for Kt6. Dimensions were obtained from Figure 
17 - Stress Concentration Design Factors by R. E. Peterson. 

D. Bonding 

A sample composite of 25% NS355 wire and 75% 2024 matrix 
was furnished to Mr. Walter Trapp, AE'ML. A portion of this 
sample was used by Midwest Research Institute to develop a 
method for electrothinning composite specimens for observation 
in transmission in the electron microscope. Their work is 
directed toward studying dislocation arrangements in deformed 
composites as a function of the distance from the filament- 
matrix interface. Preliminary results indicated a mechanical 
bond between the aluminum matrix and the NS355 wire. 

E. Man-Hours ExDended 

During this reporting period 74.0 man-hours were expended: 
Engineering 8 1% Reporting 19% 
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111. TICIPATED WORK F OR NEXT R E P 0  R T I N G  PERIOD 

I t  is expected that the e f fort  during the  next reporting 
period w i l l  be directed as follows: 

1. Preparation of Third Annual Report. 

2 .  Preparation of  the fourth 1 / 4 I t  x 12" x 96" plate 
and 0,035" x 12" x 96" sheet for shipment to contracting 
o f f i c e r ' s  representative. 

3 .  Preparation o f  1/4" x 1/4" x 4" samples f o r  t e s t  
a t  -423OF. 
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IV. PROGRAM SCHEDULE AND PROBLEMS ENCOUNTERED 

Changes in the program schedule are as indicated on the 
following page, 

Delivery o f  plates, sheets and joints  h8s been extended 
to August 1966.  
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AP PEN DI y 

ANNOTATER BIBLIOGRAPHY 

Avco Corporation, Wilmington, Massachusetts (T. Vasilos 
and E. G. Wolf) 
"Strength properties of Fiber Reinforced Composites" 
Journal of Metals, May 1966 

This paper discusses composite strength of three 
composite types : 

(1)  Metallic fiber-metallic matrices 
( 2 )  Ceramic fiber-metallic matrices 
( 3 )  Refractory fiber in ceramic matrices 

The uniform strain concept, strength of fiber bundles, 
discontinuous fibers, fiber orientation, fiber spacing, and 
strength-time dependance factor are covered. Summaries of  
metal fiber-metal matrix and ceramic-fiber-metal aatrix are 
presented. ( 6 9  references) 



MATERIALS 

Space  Science Laboratory of  t h e  General Electric Company, 
Valley Forge, Pennsylvania (L.R.McCreight, H.W.Rauch,St. 
and W.H.Sutton) 
"A Survey of the State of the A r t  of Ceramic and Graphite 
Fibers" - Contract AF 33(615)-1618 
AFML TR-65-105- May 1965 

This report is based on a review of 500 references, 
200 patents and 60 contacts, and covers: 1) the potential 
strength of fibers and factors affecting the ir  strength; and 
2) application of fibers. 379 pages. 



PROCESSES 

British Welding Journal, March 1966 (M. H. Scott and 
I. F. Squires) 
"Metal'lurgicaf Examination of Alumfncn-Stainless S tee1 
Friction Welds" 

An investigation was made into the behavior of fric- 
tion welded aluminum-stainless steel samples after room and 
elevated temperature exposure. Strengths fell rapidly with 
growth of a diffusion layer of Al, Fe, Cr and Ni. Welds were 
stable at 4OO0C for 18 months. Welds become brittle at 45OoC 
f o r  12 months, 5OO0C for 0 hours and 60O0c f o r  15 minutes. 
Welds were subjected to tensile tests, metallographic exami- 
nation, electron probe micro-analysis, and X-ray diffraction 
analys i s . 

Automatic Welding, No. 3 ,  1965 (A. S.  Gel'Man) - Courtesy 
of the British Welding Research Association, Cambridge. 
"The Nature of Friction Welding" 

The nature of the processes taking place at the con- 
tacting surfaces during pressure and friction welding are 
discussed. Process parameters: pressure, temperature, percent 
deformation, time, environment, are covered for both low tem- 
perature slow movement friction welding and high temperature 
high rotational speed welding. 
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PROC5SSES 

Hexcel Products, Incorporated, Berkeley, California 
(B. R. Garrett, G. F. Blank,  A.  J. Ranadive) 
"Broad Applications of Diffusion Bonding" 
Contract NAS7-273. NASA CR 409, March 1966 

A literature survey of the present status of diffusion 
bonding was conducted and the information incorporated in this 
report. The material is divided into the following areas: 

The Potential of Diffusion Bonding 
Diffusion Theory 
Diffusion Bondins Fundamentals 
Status of Diffusion Bondins 
Application of Diffusion bonding 

77 cited references and 117 general references are given. 
A summary of practical applications of diffusion bonding tech- 
niques is given in four sections: 1) Yield stress controlled 
bonding, 2 )  Diffusion controlled bonding, 3 )  Creep controlled 
bonding, and 4 )  Transient melt diffusion bonding. 

A summary of experimental data on diffusion bonding 
of similar metals (18 pages) - Base materials, Mo, Cb, Ta, W ,  
Ni, Ti, Be, Cr, Co, Al, Fe, U-Pd a l l o y ,  Zr - and a summary on 
dissimilar materials (4 pages) is s$.vsn. 


